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Abstract: Investigations of the large-scale distribution of star formation in galaxies critically guide
physically-motivated theories of galaxy formation and evolution over cosmic time. Yet, our current
understanding of star formation on galactic scales remains highly incomplete due to our limited
ability to precisely track the flow of energy from star formation into the interstellar medium (ISM)
across the full range of appropriate scales. Observations of star formation and the ISM within
nearby galaxies form a vital bridge between the physical scales probed by in-depth studies of
Galactic star-forming regions and the globally integrated measurements of distant galaxies. Such
investigations are critical to a host of larger astrophysical problems (e.g., the physical nature of
the Hubble sequence, the structure and phase balance of the ISM, feedback processes such as
the triggering of starbursts and quenching of star formation, etc.), and act as a linchpin for the
physical understanding of galaxy formation and evolution. To fully understand the role of star
formation and build a complete theory of galaxy evolution requires accurate measurements of
the current (i.e., . few Myr) star formation rate and available gas content within galaxies for a
range of physical scales (i.e., 10 − 1000 pc). Current facilities have been able to deliver such
investigations for the most nearby (i.e., . 20Mpc) galaxies and brightest regions within them.
However, to sample the full range of physical conditions for star formation ultimately requires
a combination of sensitivity, mapping speed, and angular resolution at wavelengths that do not
involve complicated interpretations and/or corrections to spatially varying dust extinction. This
demanding combination of requirements is not achievable with extant or planned facilities.
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Introduction
A fundamental goal in extragalactic astrophysics is to provide a robust observational foundation for
understanding the causal physics behind star formation in galaxies. To date, a purely theoretical
understanding of the phase changes, and the complex recycling of gas into stars and back into
gas again (i.e., a complete, predictive, and self-contained theory of star formation) has yet to be
developed. While processes operating at small (pc to kpc) scales must ultimately be part of the
equation, global relations (measured on galaxy-wide scales; e.g., Schmidt 1959; Kennicutt 1998)
point to collective forces and large-scale physics that also contribute to the secular evolution of
galaxies. Galaxy environment (cluster versus field; e.g. Dressler et al., 1997; Butcher & Oemler,
1978, 1984; Desai et al., 2007) and galaxy-galaxy interactions clearly play roles in a galaxy’s rate
of evolution. To fully address questions related to the rate of star formation in galaxies, data must
be acquired over a wide range of physical scales for a variety of galaxy types, subjected to as
wide a range of environmental conditions as possible. Not being able to bridge the many order-of-
magnitude gap between star formation captured on galaxy-wide scales and studying the individual
sites of current star formation has been a major impediment to real progress.

Nearby galaxies are among the best laboratories for understanding the detailed physics of star
formation. They offer a much larger range of physical conditions than the Milky Way without
complicated de-projection issues. This has made observations of nearby galaxies the workhorse for
testing physical models of star formation and stellar feedback. These models underpin galaxy evo-
lution models and are used to explain observations of large populations of galaxies across redshifts,
including high redshift systems where it is extremely difficult to conduct detailed measurements.

Using nearby galaxies to understand star formation requires robust diagnostics of star formation
activity. Combined with measures of gas, kinematics, and galaxy properties such measurements
allow us to understand the physics of star formation. They are also needed to train the more
indirect estimators for star formation that can be applied to observations of galaxies in the early
universe. In practice, this means calibrating empirical radio, infrared, and UV/optical, and hybrid
star formation rate (SFR) diagnostics against gold standard measurements. Perhaps even more
important, it means developing a physical understanding of the basis and limitations of these tools
(e.g., see review by Kennicutt and Evans 2012). But so far, the gold standard observations that
anchor empirical SFR calibrations have been terribly expensive and limited to a small fraction of
the local galaxy population. To make the next great leap in piecing together a self-consistent theory
for star formation, we will require robust maps of star formation for large, heterogenous samples
of nearby galaxies at .100 resolution.

Nearby Galaxies as Laboratories to Study Star Formation
Studies within the Milky Way and in nearby galaxies reveal a molecular Kennicutt-Schmidt law:
a strong correlation between the abundance of molecular gas and the rate of star formation and a
more complex relationship between star formation and HI (e.g., Kennicutt 1998, 2007 Bigiel et
al. 2008; Schruba et al. 2011; Leroy et al. 2008, 2013, 2017a, Saintonge et al. 2011, 2017). But
there remains considerable galaxy-to-galaxy scatter in these relationships and different studies find
different second order correlations, e.g., with dynamical state, density, and host galaxy properties.
Studies comparing denser gas to star formation add more complexity to this picture. Star forma-
tion activity correlates with dense gas mass, but some observations claim that the star formation
efficiency per dense gas is constant (e.g., Lada et al. 2010, Evans et al. 2014) while others find
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Figure 1: Left: The spiral galaxy M 74 illustrating the CO molecular disk imaged by ALMA (red; Sun et al. 2018;
Kreckel et al. 2018), the stellar disk in near-infrared light imaged by Spitzer (green; Kennicutt et al. 2003) , and the
atomic disk imaged in HI at ≈1000 by the VLA (blue; Walter et al. 2008), showing the relative distribution of the stars
and the molecular and atomic gas phases. Right: A zoom in showing the CO J = 2→ 1 map at 100 resolution.

an anti-correlation between the star formation efficiency of dense gas and the dense gas fraction
(fdense = Mdense=Mgas; e.g., Longmore et al. 2013; Murphy et al. 2015; Usero et al. 2015;
Gallagher et al. 2018b; Quereteja et al. 2019).

All of this work depends on SFR estimates, often indirect, empirically calibrated estimates.
Improving these estimates represents a major path forward for the field. To do this, one ultimately
would like to obtain unambiguous, short-timescale, extinction free SFR estimates on scales of
∼ 10 pc (i.e., individual HII regions, clouds, or clusters) up to several kpc across large samples of
nearby star-forming galaxies. We would like to combine these with observations full spectral en-
ergy distributions (SEDs) of stars, gas, and dust Such observations would allow one to measure the
systematics and uncertainties associated with all widely used SFR estimators. Understanding how
different SFR indicators behave will reveal how much of the scatter observed in the gas depletion
time (�gas =Mgas=SFR) is real. Better SFR calibrations will also highlight which trends represent
key physics related to star formation and which reflect uncertainties in the chosen SFR estima-
tor. In short, precise SFR estimation is the key to measure depletion times, chemical evolution,
positive/negative feedback, and many other physical parameters in an unbiased way.

It is also worth stressing that getting around dust is the key to this science. Most stars form
deep within molecular clouds. During the first few million years, only a small fraction of the pho-
tospheric UV radiation from young massive stars escapes. As a result, wavelengths that penetrate
dust are critical for studying early phases of star formation and improved SFR estimates need to fo-
cus on infrared and radio wavelengths. Such extinction-free SFR estimations will ultimately allow
calibration and cross comparison of complementary SFR estimates within and among galaxies.
Unfortunately, this is simply beyond the sensitivities of current telescopes.

At the same time, measurements of gas need to improve. To take the next step in understanding
star formation, these gold standard SFR measurements need to be compared to the kinematics and
distributions of stars, atomic gas, and molecular gas. This will allow us to study the impact on star
formation of changing stellar populations, metallicity, gas pressure, cloud-cloud collisions, bar-

3


